2,4-Bis(phenyl)-1,3-diselenadiphosphetane-2,4-diselenide [PhP(Se)(µ-Se)] 2 , Woollins' reagent (WR), reacts with dry KF or tetrabutylammonium fluoride (TBAF) at room temperature generating the corresponding potassium and tetrabutylammonium phenyldiselenofluorophosphinates 1 and 2 in almost quantitative yields. Treating 1 with equimolar amounts of tetraphenylphosphonium chloride or 1,3-dimesityl-1H-imidazol-3-ium chloride in THF at room temperature afforded the corresponding organic adducts 3 and 4 in 90% and 87% yields. Reaction of 1 with mono-and di-halogenated alkanes gave a series of esters of phenylphosphonofluoridodiselenoates 5 -8 and 9 in 79% ˗ 93% yields. Two representative crystal structures are reported.
Since then, the synthesis of thiophosphoryl halides S=PF 3 and S=PFCl 2 , and their derivatives S=PF 2 NH 2 , S=PFClNH 2 , S=PF 2 N=PF 2 X (X = Br, NH 2 or OH), S=PF 2 N=PCl 3 and S=PF 2 N=PF 2 N=C=NSiMe 3 was reported. [15] [16] [17] [18] [19] [20] However, there are few examples of the synthesis of simple phosphonofluorodithioates ROP(S)(S -)F containing a fluorine atom attached directly to the phosphorus atom. 15, 21, 22 The nucleoside phosphonofluoridodithioate monoesters were prepared via oxidation of nucleoside phosphonodithioate with I 2 in pyridine in the presence of TMSCl, followed by addition of triethylamine trishydrofluoride (TAF). 23, 24 Similar analogues were obtained from a one-pot sequential reaction of 1,3,2-dithiaphospholane P(III) derivatives, which were converted readily into the corresponding P(V) compounds by addition of elemental sulfur and finally into phosphonofluoridodithioates by further treatment with TBAF. 25 The importance of phosphoro-fluorine compounds in pure and applied chemistry invigorated our interest in synthesizing new phosphorodiselenoates bearing the P-F motif.
2,4-Bis(phenyl)-1,3-diselenadiphosphetane-2,4-diselenide [PhP(Se)(µ-Se)] 2 , Woollins' reagent (WR), has become known as a versatile selenation reagent in synthetic chemistry in recent years 26-40 because of its ease of preparation and handling. 41 As part of our investigation into the reactivity of WR towards inorganic or organic substrates herein, we report the synthesis of potassium and tetrabutylammonium salts of phenylphosphonofluoridodiselenoates, and the related organic adducts and esters. To the best of our knowledge this is the first reported synthesis and characterization of phenylphosphonofluorodiselenoate [PhP(Se)(Se)F] -and its structural analogues, providing a valuable addition to the library of phosphodiselenoate compounds. WR reacted with two equivalents of fresh dry potassium fluoride at 80 °C in acetonitrile under N 2 atmosphere for 1 h giving potassium phenylphosphonofluoridodiselenoate 1 in 84% yield; or with two equivalents of tetrabutylammonium fluoride (TBAF) at room temperature in tetrahydrofuran for 1 h to give tetrabutylammonium phenylphosphonofluoridodiselenoate 2 in 99% yield (Scheme 2). Both reactions were fast and very straightforward and must be performed in a moisture and oxygen-free atmosphere.
Scheme 2.
Synthesis of potassium and tetrabutylammonium salts of phenylphosphonofluoridodiselenoate 1 and 2.
Compound 1 was obtained as a pale yellow solid and is insoluble in organic solvents but soluble in oxygen-free water. Compound 2 was obtained as brown sticky oil and is soluble in organic solvents, and shows good air stability at room temperature. 1 and 2 were fully characterized by 1 H, 13 1 H NMR spectra, compound 1 showed only phenyl protons, while in compound 2 signals for the phenyl and n-butyl groups were observed.
Treating 1 with an equimolar amount of tetraphenylphosphonium chloride in degassed water in room temperature led to the formation of tetraphenylphosphonium phenylphosphonofluoridodiselenoate 3 in 90% yield as a white solid. Similarly, Crystals of 3 and 4 suitable for X-ray analysis were obtained by diffusion of hexane into dichloromethane solutions at room temperature. X-ray structural analysis of 3 and 4 ( Figures 1 and 2 ) reveals they crystallize as ion-separated species. The phenylphosphonofluoridodiselenoate anion contains a distorted tetrahedral phosphorus atom with P-Se bond distances [2. 1136 (16) Reacting 1 with an equimolar amount of halogenated alkanes in dry THF in room temperature generates a series of esters of phenylphosphonofluoridodiselenoates 5 ˗ 8 in 84% ˗ 92% yields (Scheme 4). Furthermore, 1,4-phenylenebis(methylene) bis(phenylphosphonofluoridodiselenoate) 9 was prepared by the reaction of compound 1 with 0.5 equivalents of 1,4-bis(bromomethyl)benzene under identical conditions in 79% yield as shown in Scheme 5. The esters 5 ˗ 9 are air-stable oils or pastes and are soluble in common organic solvents such as dichloromethane, trichloromethane, acetone and THF. Compounds 5 ˗ 9 were fully characterized by multinuclear NMR and IR spectroscopy and accurate mass measurement. All new compounds showed the anticipated molecular ion peaks [M] + , and were confirmed by satisfactory accurate mass measurements. The 31 P NMR spectra of esters 5˗9 showed two doublets (δ P = 102.6 -103.5 ppm) with 31 P-19 F coupling constants (J(P,F) = 1141 -1146 Hz), flanked by selenium satellites with 31 P-77 Se coupling constants (J(P,Se) = 481 -496 Hz and 904 -909 Hz), indicating the presence of both P-Se single bond and P=Se double bond in these heteroatom compounds. In the 19 F NMR spectra of compounds 5 ˗ 9, doublets (δ F = -58.5 --55.8 ppm) were observed with the corresponding 31 In conclusion, Woollins' reagent reacts with dry KF or tetrabutylammonium fluoride to give the corresponding potassium and tetrabutylammonium salts of phenyldiselenofluorophosphinic acids in almost quantitative yields. Potassium phenyldiselenofluorophosphinic acid was converted readily into the corresponding organic adducts by reacting further with an equimolar amount of tetraphenylphosphonium chloride or 1,3-dimesityl-1H-imidazol-3-ium chloride. Furthermore, reaction of potassium phenyldiselenofluorophosphinic acid with mono-and di-halogenated alkanes afforded a series of esters of phenylphosphonofluoridodiselenoates in high yields. The structures of all new compounds have been elucidated using 1 H, 13 C, 31 P, 77 Se, 19 F NMR spectroscopy and accurate mass measurement in conjunction with single crystal X-ray crystallography of two structures.
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